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Abstract: Premature convergence to suboptimal policies remains a significant
challenge in reinforcement learning (RL), particularly for robots with many de-
grees of freedom and in tasks with non-convex reward landscapes. Existing work
usually utilizes reward shaping to encourage exploring promising spaces. How-
ever, this may inadvertently introduce new local optima and impair the optimiza-
tion for the actual target reward. To address this issue, we propose Goal Achieve-
ment Guided Exploration (GAGE), a novel approach that incorporates an agent’s
goal achievement as a dynamic criterion for balancing exploration and exploita-
tion. GAGE adaptively adjusts the exploitation level based on the agent’s current
performance relative to an estimated optimal performance, thereby mitigating pre-
mature convergence. Extensive evaluations demonstrate that GAGE substantially
improves learning outcomes across various challenging whole-body control tasks
by adapting convergence based on task success. GAGE can seamlessly integrate
into existing RL frameworks, highlighting its potential as a versatile tool for en-
hancing exploration strategies in RL for robot control.
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1 Introduction

Properly dealing with the exploration-exploitation trade-off in reinforcement learning (RL) still is a
critical challenge [1, 2]. Constrained by learning time and resources, the agent must balance well
between exploring for better policies and exploiting the learned behaviors. There are two prominent
challenges in exploration: sparse reward function and local optima. Since we usually provide the
agent with dense reward signals, the problem of local optima dominants in robot control tasks. An
environment riddled with local optima may provide the agent with redundant or misleading informa-
tion and distract it from exploring the actual optimization target. For example, in robot locomotion
tasks, where robots are rewarded for saving energy in addition to the main speed reward, agents may
focus on optimizing energy consumption but only move slowly. Agents trained in environments with
local optima are more prone to over-exploitation, leading to premature convergence to a suboptimal
solution.
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Due to RL’s trial-and-error nature, local optima can make the learning process unstable. This in-
stability has been reported as a significant obstacle when reproducing and comparing different RL
algorithms [3]. It is important to distinguish this issue from reward hacking [4], where the agent
discovers policies that maximize returns in ways the system designer did not anticipate or desire.
We focus on premature convergence, where local optima prevent the agents from optimizing the tar-
geted returns. To effectively solve tasks with local optima, preventing premature convergence during
exploration is essential. Several factors contribute to this issue, including the inherent non-convexity
of tasks, reward shaping, multi-objectives, and function approximation errors introduced by neural
networks in deep RL algorithms.

Many methods have been developed to address the exploration-exploitation trade-off [2], but not
explicitly for premature convergence. One popular approach, ϵ-greedy, employs a predefined time-
decaying parameter ϵ to decrease exploration gradually. However, finding the optimal schedule is far
from trivial, as it can vary depending on the task and is further complicated by the unstable nature of
reinforcement learning processes. Other methods, such as Proximal Policy Optimization (PPO)[5]
and Soft Actor-Critic (SAC)[6], incorporate an entropy-loss component to promote exploration,
but this acts only as a soft learning regularizer. Similarly, curiosity-driven intrinsic rewards [7,
8] encourage exploration, yet the exploitation process still follows the behavior of the underlying
algorithms, like Deep Q-learning (DQN) [9] and PPO, which are prone to premature convergence.

To address the issue of converging to a suboptimal solution prematurely, we propose a novel ap-
proach that incorporates an agent’s goal achievement into its exploration-exploitation strategy. Goal
achievement is defined as the ratio of an agent’s current policy return to the optimal policy return,
excluding the auxiliary rewards for guiding the learning process. Unlike existing approaches, which
often overlook this critical aspect of guiding exploration, our approach ensures that exploration con-
tinues when the agent’s goal achievement is low, thereby preventing early convergence to suboptimal
policies.

To summarize, in this work, we first investigate the various factors that contribute to premature con-
vergence in RL. We analyze existing exploration-exploitation methods and explain why they fail
to prevent premature convergence. To solve the problem, we propose Goal Achievement Guided
Exploration (GAGE), a method that leverages an agent’s goal achievement to define an adaptive
exploration schedule during training. We evaluate GAGE across multiple challenging continuous
whole-body control tasks. The results demonstrate that GAGE consistently mitigates premature con-
vergence, especially in complex exploration problems with many local optima. Moreover, GAGE’s
simplicity and compatibility with a wide range of existing RL algorithms distinguish it as a promis-
ing solution for enhancing exploration-exploitation strategies.

2 Premature Convergence and Exploration Techniques

Premature convergence is a common issue in optimization and machine learning algorithms like
genetic algorithms [10] and reinforcement learning. Despite extensive efforts to enhance exploration
efficiency in reinforcement learning (RL) [11, 12, 13], agents may still unintentionally converge to
local optima due to various factors. In this section, we identify these factors and examine why
existing exploration techniques remain prone to this problem.

2.1 Factors for Premature Convergence

Non-convexity of tasks Non-convexity exists in most real-world tasks and arises from different
components, such as the reward function and transition dynamics. It also inherently stems from
neural networks, the core part of deep reinforcement learning (DRL). Due to the non-convexity of
DRL, sub-optimal solutions can exist even in simple problems. For example, as shown in Fig. 1a, an
agent (orange dot) needs to avoid the grey-colored area and is rewarded more when getting closer
to the circle’s center. However, due to the non-convexity of the reward landscape, agents without
sufficient exploration can get stuck in a local optimal solution [14]. In more complex contexts
like robotics or traffic management [15, 16], systems often have many degrees of freedom and
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(a) non-convexity (b) reward shaping (c) multi-objective
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Figure 1: Factors for premature convergence in deep reinforcement learning.

complex environmental interactions, making dynamics models non-convex and further complicating
optimization.

Reward shaping Tasks with sparse rewards and local optima present significant challenges for ex-
ploration and credit assignment. To provide agents with dense and informative feedback, previous
work has employed reward shaping based on prior knowledge or specific heuristics [17, 18]. While
reward shaping can guide agents toward more valuable regions and accelerate convergence to the op-
timal policy, designing such rewards is tedious and may introduce local optima [19, 20, 21]. Agents
might focus on auxiliary rewards while neglecting the actual task objectives [22]. Curiosity-based
intrinsic rewards have become popular for enhancing exploration by rewarding agents for discover-
ing new observations or acquiring new knowledge about the environment [23, 24]. This approach
encourages agents to visit diverse states within environments. However, as illustrated in Fig. 1b,
agents can become trapped by uncontrolled stochasticity in the system dynamics, a phenomenon
known as the Noisy TV problem [25].

Multiple objectives Many real-world problems involve multiple, sometimes conflicting, objec-
tives that cannot be adequately evaluated using a single metric. For example, as shown in Fig.1c, a
robot learning to dribble a football has to optimize factors such as the ball’s velocity, energy con-
sumption, distance to the ball, and facing direction. Simultaneously optimizing all these metrics can
lead to premature convergence to suboptimal solutions—for instance, the robot might stay close to
the ball, face it, and remain stationary to save energy [26]. The presence of multiple objectives intro-
duces local optima in the reward landscape, hindering the agent from reaching the global or Pareto
optima, depending on the definition of the utility function [15, 27, 28]. In this paper, we focus on
tasks with linear utility functions that can be addressed using single-objective algorithms rather than
exploring Pareto fronts.

Function approximation error Neural networks as function approximators enable reinforcement
learning (RL) to tackle extremely high-dimensional problems like Go [29]. However, they are prone
to overfitting [30], and RL intensifies this issue due to its non-stationarity and biased datasets. As
a result, even in simple tasks like MountainCar [31], modern algorithms such as Soft Actor-Critic
(SAC) can suffer from insufficient exploration [32], collecting data only around the initial states (see
Fig. 1d, where an SAC agent is trained for 1M steps). Due to premature convergence, the learned
policy exhibits low entropy even in unvisited states and is thus unable to explore better solutions.

2.2 Exploration Techniques

Exploration methods for reinforcement learning can be categorized into two groups: undirected and
directed [11]. Undirected exploration involves randomly selecting actions based merely on utility
estimation. Whereas directed exploration utilizes knowledge of the learning process [8, 25, 33]
to guide the exploration. In this section, we discuss popular exploration techniques from the two
groups.

Undirected exploration 1) The ϵ-greedy strategy, commonly used in value-based algorithms [9,
34], employs a time-decaying ϵ to define the probability of selecting either the best action or a
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random one during training. However, tuning the schedule requires much effort, because many
terms can influence the agent’s training progress, and the exploration can hardly be defined by the
number of iterations. 2) Some reinforcement learning algorithms are equipped with an entropy loss
term [5, 6] to enhance exploration. However, as a soft regularization for the learning process, it can
be insufficient to guide the agent out of local optima. 3) Noise-based techniques inject noise into the
observation, action, or parameter space to enhance policy exploration [35, 36]. As the magnitude of
the noise is controlled by either a time-decaying schedule or learned values, this method has limits
similar to those of the previous two.

Directed exploration 1) Curiosity-based methods [37] are widely employed in hard-exploration
environments with sparse rewards. They reward the agent for exploring less visited states. Vari-
ous approaches have been developed to estimate the novelty of a given state transition, such as the
state’s visitation number [38], the prediction error of a dynamics model [39], or the information
gained through transitions [40]. However, they are mostly employed in discrete game environments
and their effectiveness in continuous control has not been demonstrated clearly. 2) Memory-based
techniques navigate the agent to promising states as soon as possible through memorizing the vis-
ited states [23, 41, 33]. They reduce the number of frequently visited states near the initial ones,
collecting more diverse data and thus mitigating premature convergence by reducing repeated data.
However, these methods require high memory, as well as complex state compression and searching
processes.

3 Goal Achievement Guided Exploration

The learning process should not converge before the agent approaches the maximum possible re-
turn. Therefore, it is natural that the convergence level, reflected by the concentration of the action
distribution, is correlated to the goal achievement of the current policy. This section defines goal
achievement g(π) and explains how it can guide learning convergence.

3.1 Goal Achievement

A reward function is typically composed of several terms, each designed for different purposes.
Some terms reflect the designer’s actual goals, such as winning a game or achieving a target speed,
while others, like curiosity-driven intrinsic rewards, are intended to guide the learning process. Goal
achievement of the learning progress should be based on these actual goals, as they directly express
the designer’s objectives. In contrast, auxiliary rewards that are used to encourage exploration do not
always align with these goals and can lead to suboptimal solutions as stated in noisy TV problem.
Hence, we exclude these auxiliary rewards when measuring goal achievement. For ng distinct actual
reward terms, similar to multi-objective algorithms [15], we define the goal achievement for each of
these rewards as:

gi(π) =
E[V gi

π (s0)]

E[V gi
∗ (s0)]

, i ∈ {1, . . . , ng} and 0 ≤ gi(π) ≤ 1 (1)

where s0 represents the initial state, gi represents the goal achievement of the i-th objective among
ng performance metrics, and V gi

π and V gi
∗ are the i-th components of the vectorized value function

for the current policy π and the optimal policy π∗, respectively. We focus on non-negative target re-
wards. For tasks with negative rewards, applying a sigmoid or an offset to the estimated performance
can still guarantee that the goal achievement is between 0 and 1.

In this work, we define the overall goal achievement of the agent as the minimum among goal
achievement in each reward term: g(π) = min(gi(π)) , i ∈ {1, . . . , ng}. This allows the converged
police to optimize jointly all the task-relevant objectives.

In practice, the value function Vπ often involves significant estimation errors, and computing V∗
directly might also be infeasible. Therefore, we approximate Vπ by using the average rewards from
recent rollout trajectories. Determining the optimal performance V∗ can often be achieved through
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heuristics. For example, in many games, the optimal reward rmax,t at each step t, up to the max
episode length T , is predefined, such as a fixed value awarded for winning. We can then approximate
the goal achievement for a certain reward given the current policy π by:

g(π) ≈
Eπ

[∑T
t=0 rt

]
∑T

t=0 rmax,t

. (2)

Alternatively, when such explicit values are unavailable, the optimal performance can be estimated
empirically based on observed performance, as further discussed in Sec. 4.

3.2 Mitigating Premature Convergence via Action Smoothing

To prevent the agent from prematurely converging to local optima and overcommitting to a limited
set of actions when goal achievement is low, we apply an action smoothing technique inspired
by label-smoothing regularization [42] for image classification, which reduces overconfidence by
smoothing the predicted class distribution. This technique ensures that the agent’s action distribution
does not collapse into a narrow Gaussian peak in continuous spaces. Below, we discuss how to
implement action smoothing in continuous control tasks.

In the learning process, exploration is typically facilitated by modeling the policy’s action dis-
tribution as a Gaussian distribution. This approach is used in both stochastic policies like Soft
Actor-Critic (SAC) and Proximal Policy Optimization (PPO) [5, 6], and deterministic policies like
Deep Deterministic Policy Gradient (DDPG) [35], where the Gaussian distribution serves as addi-
tive noise for exploration. The policy learns the mean µ(s) of the action distribution, modeled as:
p(a | s) ∼ N (µ(s), σ2), where the standard deviation σ can be controlled via a schedule or learned
as a parameter. The standard deviation directly represents the concentration of the action distribu-
tion. To prevent premature convergence, we define an adaptive lower bound σL(π) on σ, which is
negatively correlated with the current policy’s goal achievement g(π):

σL(π) = f(g(π)). (3)

For simplicity, we employ a linear relationship between σL and the goal achievement g, leaving the
investigation of other possible functions f for future work:

σL(π) = −σ0g(π) + σ0, (4)

where σ0 > 0 is a hyperparameter controlling the minimum allowed σ value when the goal achieve-
ment is zero. Agents with a higher σ0 require more achievement to concentrate their policies. When
σ0 = 0, this is equivalent to the original algorithms without GAGE.

4 Experiments

This section validates the proposed method by addressing a range of problems characterized by local
optima, which often lead to premature convergence in existing reinforcement learning algorithms.
First, we apply our approach to solve complex continuous control tasks involving robots with high
degrees of freedom. We then conduct ablation studies on the hyperparameters to assess the method’s
effectiveness in scenarios with unknown optimal goal achievement and evaluate the robustness of
the learning process.

To evaluate the effectiveness of our method in preventing premature convergence, we designed five
highly challenging continuous control tasks in IsaacLab [43, 26] (see Fig. 2). The specific envi-
ronment details are provided in Appendix B We implemented our approach using Proximal Policy
Optimization (PPO), building upon the IsaacLab framework. Since the original action standard devi-
ations are independently learned parameters, we use goal achievement to set a dynamic lower bound
for σ. This is accomplished by applying σ = σL(π) whenever it falls below the threshold. The full
algorithm is outlined in Appendix A.
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Figure 2: Continuous control experiments. We plot the median over 10 seeds, and the faint area
represents the 25% and 75% quantiles, same for Fig. 3. Top: tasks from left to right, Ant Acrobatics,
Humanoid Dribbling, Humanoid Pole, Humanoid Tightrope, and Dog (Unitree Go2) Balance Beam.
Middle: Training curves of each method. Bottom: Standard deviation of each method σ̄.
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Figure 3: Ablation Study of GAGE in Humanoid Locomotion Task

Explore Until Solved The training curves for episode returns and the average σ values across all
robot joints are shown in Fig. 2. The proposed method successfully solved all the challenging tasks,
whereas the baseline algorithm failed. Notably, PPO without our method is equivalent to GAGE
with σ0 = 0, and varying σ0 can affect the learning process. However, the algorithm remains robust
to this hyperparameter over a relatively wide range. The impact of our approach is evident in the
plots of σ. The standard PPO rapidly reduces the policy’s standard deviation at the beginning of
training, achieving a higher reward by over-exploiting certain reward components, such as energy
cost. It continues to reduce the policy’s standard deviation even when the target reward plateaus.
For instance, the dog robot learns to stand stably on the balance beam and ceases exploration despite
having a forward movement target. In contrast, our method keeps exploring and only concentrates
the action distribution with increased target rewards.

Unknown Optimal Goal For some tasks, the optimal performance is well-defined, such as achiev-
ing a score of 1 to win in board games. However, for other tasks, like a robot locomotion task, the
optimal speed may not be straightforward and is often still under discovery. In the well-known hu-
manoid locomotion task, to achieve higher speed without knowing the optimum, researchers often
increase the weighting factors to locomotion speed. However, it can result in unnatural behaviors
due to imbalanced speed and action rewards. To address this issue, we conducted experiments to
demonstrate how GAGE can explore higher speeds without knowing the maximum or altering the
reward weights. We define the goal achievement in the Humanoid task as gπ = vπ/v∗, where vπ and
v∗ represent the robot’s current and target speeds, respectively. As shown in Fig. 3a, our method
successfully increased the robot’s running speed from less than 4 to 7 meters per second compared
to PPO without GAGE, while maintaining natural behavior through balanced reward weights. When
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the target speed is set to 5 m/s, which is below the learned optimal speed (∼ 7 m/s), the GAGE agent
is also able to learn the optimal speed. We assume this is because the robot successfully gets rid of
the distracting local optima at the beginning of the learning process with lower speeds and ineffi-
cient gaits. As a result, it can continue explore higher speed behaviors after above 5m/s even if the
sigma lower bound has reduced to zero. Even when the target speed is set to 9 m/s, higher than the
known optimal speed, the GAGE agent is able to discover the optimal policy known so far without
excessive exploration to meet the goal speed, thus avoiding divergence from the optimal policy.

Improved Robustness to Reward Shaping Reward shaping is crucial yet challenging in rein-
forcement learning, as even minor adjustments to the weighting of specific rewards can result in
unsuccessful learning. Using the humanoid locomotion task, we demonstrate this issue and the effec-
tiveness of our method in mitigating it. As in the previous experiment, we define goal achievement
based on locomotion speed. The reward terms include a penalty for large action values, ωa∥a∥2.
In the experiments, we kept the weights for other rewards constant while varying ωa. The baseline
agents without our method exhibited performance that was highly sensitive to changes in ωa, with
significant impacts on both final speed and locomotion gait. In contrast, our method enabled the
agent to maintain high running speeds and achieve consistently high returns across all the ωa values
(see Fig. 3b).

5 Discussion

We introduced Goal Achievement Guided Exploration (GAGE), a method aiming to address prema-
ture convergence in reinforcement learning (RL) for robot control. Our approach uses goal achieve-
ment as a dynamic factor to guide the agent’s exploration, allowing for a better balance between
exploration and exploitation. Our experiments demonstrate that GAGE substantially mitigates pre-
mature convergence in challenging continuous control tasks by maintaining adequate exploration.
Unlike traditional methods such as entropy maximization or curiosity-based exploration, GAGE in-
corporates an adaptive mechanism that smoothes the action probability distribution based on how
well the agent achieves its goal. The strength of GAGE lies in its simplicity and compatibility with
existing RL algorithms. It does not require significant architectural changes and can be easily inte-
grated into different environments. The flexibility of GAGE makes it applicable to a wide variety of
real-world robotics problems.

Despite these strengths, GAGE offers aspects for improvement. The current version relies on defin-
ing an appropriate goal achievement metric, which might not be straightforward in all tasks. In
environments where the optimal policy or goal is poorly understood, the approximation of goal
achievement might introduce inaccuracies. Additionally, while GAGE has proven effective in the
tested environments, its scalability to more complex, high-dimensional tasks has yet to be explored.

Future research should focus on improving the scalability of GAGE and applying it to more complex,
dynamic environments. Investigating non-linear relationships between the goal achievement and
the standard deviation of Gaussian distributions could further enhance the method’s adaptability to
diverse RL problems.
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A Algorithm Implementation

We provide the pseudo code for PPO+GAGE with Gaussian policy in Alg. 1.

Algorithm 1 Proximal Policy Optimization (PPO) Algorithm with Gaussian Policy + GAGE

1: Initialize policy mean parameters θ0, value function parameters ϕ0, standard deviation σ0, and
goal achievement g0

2: for iteration k = 0, 1, 2, . . . do
3: Collect set of trajectories {(st, at, rt, st+1)} by running policy πθk(at|st) =

N (µθk(st), σ
2
k) in the environment

4: for each time step t do
5: Compute advantage estimates Ât based on value function Vϕk

(st)
6: end for
7: Update the policy by maximizing the PPO-CLIP objective with an added entropy term:

θk+1, σk+1 = argmax
θ,σ

Et

[
min

(
N (µθ(st), σ

2)

N (µθk(st), σ
2
k)

Ât, clip
(

N (µθ(st), σ
2)

N (µθk(st), σ
2
k)

, 1− ϵ, 1 + ϵ

)
Ât

)
+βH(πθ(at|st))

]
where µθk(st) is the mean of the Gaussian action distribution, σk is the standard deviation
(separately learned), and H(πθ(at|st)) is the entropy of the policy, encouraging exploration.
The term β controls the weight of the entropy regularization.

8: Update the value function by minimizing the following loss:

ϕk+1 = argmin
ϕ

Et

[
(Vϕ(st)−Rt)

2
]

9: Calculate the running mean of gk.
10: Update the standard deviation parameter σ based on the agent’s performance:

σk+1 = max(σk+1,−σ0gk + σ0)

11: end for

B Experimental Details

B.1 Tasks Setup

We build up five challenging continuous control tasks in IsaacLab. Three robots with many degrees
of freedom learn to do challenging locomotion or dynamic manipulation behaviors. The robots
include a humanoid robot with 21 joints, a dog robot (Unitree Go2) with 12 joints, and an ant robot
with 8 joints. The humanoid robot is also employed in the locomotion task to investigate maximum
speed and robustness to reward weights. In Table 1, we provide the reward composition of different
tasks.

Humanoid tightrope (HT) The humanoid robot learns side walking on a tightrope, i.e., a cylin-
drical bar with a diameter of only 0.1m. This is more challenging than walking forward because
balancing with two arms stretching to both sides would be more difficult.

Humanoid dribbling (HD) The humanoid robot learns to dribble a football at a high speed
(3.5m/s). Additionally, the robot gets random commands for turning the target direction for up
to π

4 rad.

https://isaac-sim.github.io/IsaacLab/
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Table 1: Reward weights of continuous control tasks. The rewards and penalties from left to right
are for robot locomotion velocity, environment not terminating, robot orientation, robot distance
to the manipulated object, large action commands, energy consumption, joint position too close to
limitations, robot velocity perpendicular to the desired direction, object velocity perpendicular to the
desired direction, joint torque, joint acceleration, and action changing rate. The actual target reward
for goal achievement calculation is marked in green background.

reward penalty

vx alive orient dobj ∥a∥2 E θlimit vy vy,obj T θ̈ ȧ

HT 0.5 1.0 1.0 0 0 0.05 0.25 1.0 0 0 0 0
HD 0.3 0.4 1.0 0.2 0.01 0.01 0.25 0 0.5 0 0 0
HP 2.0 1.0 1.0 0 0.01 0.005 0.125 0 1.0 0 0 0
DB 1.0 1.0 1.0 0 0.005 0 0 1.0 0 1e-6 2.5e-8 0.001
AA 1.0 1.0 1.0 0 0.005 0.05 0.1 0 1.0 0 0 0

Humanoid pole (HP) The humanoid robot learns to walk forward while balancing a pole verti-
cally on its right hand. The target walking speed is 0.5m/s and the pole is 2m long.

Dog balance beam (DB) The dog robot learns to walk on a balance beam. The beam has a square
crosssection with 0.1m side length. Moreover, the balance beam is tilted for π

9 rad so that the robot
has to climb a slope while balancing.

Ant acrobatics (AA) The ant robot with four legs learns to balance a pole vertically on its torso
while standing on a ball. The pole has a length of 2m. The ball has a diameter of the same value.
Moreover, the robot has to learn to roll the ball forward at a target speed of 1m/s.

B.2 Hyper-Parameters and Implementation

Hyperparameter for GAGE Since we have not changed the base algorithm implementations, we
separately provide the additional hyperparameters introduced by GAGE. There is only one hyperpa-
rameter g0 in the experiments. The results with σ0 = 0.5, 0.75, 1.0 are given in Sec. 4.

Hyperparameter for algorithm with continuous action We use Proximal Policy Optimization
(PPO) as the backbone algorithm for all the experiments. For the continuous control tasks, we adjust
the implementation of rsl rl v2.0.0. We have not changed any hyperparameters for the implemented
algorithms. They are kept the same for all agents for a fair comparison (see Table 1).

https://github.com/leggedrobotics/rsl_rl
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Table 2: Hyperparameters used for training agents in continuous control tasks.
Hyperparameter Value
Algorithm
Value loss coefficient 1.0
Clip parameter (ϵ) 0.2
Use clipped value loss True
Desired KL divergence 0.01
Entropy coefficient 0.01
Discount factor (γ) 0.99
GAE parameter (λ) 0.95
Max gradient norm 1.0
Learning rate 0.001
Number of learning epochs 5
Number of mini-batches 4
Learning rate schedule Adaptive
Policy
Activation function ELU
Actor hidden dimensions [128, 128, 128]
Critic hidden dimensions [128, 128, 128]
Initial noise standard deviation 1.0
Runner
Number of steps per environment 24
Max iterations 1500
Empirical normalization False
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